This paper describes the design and synthesis of new trehalose-type diblock methylcellulose 11 analogues with nonionic, cationic, and anionic cellobiosyl segments, namely 12 (2), and 15
Introduction 31
Methylcellulose (MC) is one of the more common cellulose ethers and has been of particular 32 interest for the investigation of its structure-property relationships, such as the surface activity of its 33 aqueous solution and its thermo-reversible gelation properties at elevated temperature. These 34
properties of industrial and academic interest are attributed to the chemical structure of the 35 methylcellulose skeleton. Therefore, many researchers have previously investigated MC. 36
Commercial MC prepared under heterogeneous conditions is an alternating block copolymer 37 composed of densely substituted hydrophobic and less densely substituted hydrophilic block 38 sequences (Savage, 1957) . The highly methylated region-a sequence of 39 2,3,6-tri-O-methyl-glucosyl residues-of the cellulose skeleton is said to cause micelles, that is, 40 liquid-liquid phase separations in aqueous solution (Rees, 1972) . These micelles are known as 41 "crosslinking loci" (Kato, Yokoyama, & Takahashi, 1978) . In addition, it is well known that 42 reversible crosslinks must exist in any reversible gel (Kato et al., 1978) . 43
We have reported diblock methylcellulose derivatives with regioselective functionalization patterns 44 (Nakagawa, Fenn, Koschella, Heinze, & Kamitakahara, 2011b). We found direct evidence that a 45 sequence of 2,3,6-tri-O-methyl-glucopyranosyl units causes thermo-reversible gelation of aqueous 46 MC solution and that an idealized diblock structure consisting of 2,3,6-tri-O-methyl-glucopyranosyl 47 and unmodified cello-oligosaccharides caused gelation (Nakagawa, Fenn, Koschella, Heinze, & 48 Kamitakahara, 2011a). However, we had to simplify a synthetic route for new methylcellulose 49 derivatives possessing lower critical solution temperature (LCST) behaviors in aqueous solution. 50
Glycosylation of a cellobiose derivative with a polymeric methyl tri-O-methylcelluloside having 51 one hydroxy group at the C-4 position of the glucosyl residue at the non-reducing end consumed a 52 large amount of cellobiosyl trichloroacetimidate derivative to afford only the diblock 53 methylcellulose. To improve the efficiency of the coupling reaction between the hydrophobic and 54 hydrophilic segments, we synthesized a diblock methylcellulose analogue via Huisgen 1,3-dipolar 55 cycloaddition (Nakagawa, Kamitakahara, & Takano, 2012) . A 2-propynyl group was introduced to 56 the C-4 hydroxy group at the non-reducing end of the methyl tri-O-methylcelluloside. Huisgen 57 1,3-dipolar cycloaddition was more efficient than glycosylation for connecting the hydrophobic and 58 hydrophilic segments. 59
Recently, we have reported a versatile pathway to heterobifunctional/telechelic cellulose ethers, 60 such as tri-O-methylcellulosyl azide and propargyl tri-O-methylcelluloside, with one free C-4 61 hydroxy group attached to the glucosyl residue at the non-reducing end for the use in the Huisgen 62 1,3-dipolar cycloaddition (Hiroshi Kamitakahara et al., 2016 2-Propynyl (6-azido-6-deoxy-β-D-glucopyranosyl)-(1→4)-6-azido-6-deoxy-β-D-glucopyranoside 262
Sodium methoxide (28%) in methanol (28 µL) was added to 2-propynyl 264 (2,3,4-tri-O-acetyl-6-azido-6-deoxy-β-D-glucopyranosyl)-(1→4)-2,3-di-O-acetyl-6-azido-6-deoxy-β 265 -D-glucopyranoside (16, 0.3028 g) in methanol (1.5 mL) and THF (1.5 mL). The reaction mixture 266 was stirred at room temperature for overnight. The mixture was neutralized with Amberlyst H + . The 267 Amberlyst H + was removed by filtration and washed with methanol. The filtrate and washings were 268 concentrated to dryness to produce 2-propynyl 269 2-Propynyl (6-amino-6-deoxy-β-D-glucopyranosyl)-(1→4)-6-amino-6-deoxy-β-D-glucopyranoside 283
Triphenylphosphine (132.1 mg) was added to a solution of 2-propynyl 285
in methanol (3 mL), THF (3 mL), and distilled water (0.7 mL). The reaction mixture was stirred at 287 room temperature for 14 days. The reaction product was extracted with distilled water and washed 288 with dichloromethane three times. The water layer was concentrated to dryness to afford 2-propynyl 289 
Sodium acetate (34.0 mg) was added to a dispersion of 2-propynyl 310
157.1 mg) in acetic anhydride (3 mL). The reaction mixture was stirred at 80 °C for 3 h. The 312 mixture was extracted with ethyl acetate, washed with distilled water and brine, dried over 313 anhydrous sodium sulfate, and concentrated to dryness. The crude product was again acetylated 314 with acetic anhydride (0.5 mL) in pyridine (2 mL) at 80 °C for 1 h. The reagents were 315 azeotropically removed with toluene to afford 2-propynyl 316 
etyl-6-(tert-butoxycarbonyl)amino-6-deoxy-β-D-glucopyranoside (10): 335 4-Dimethylaminopyridine (DMAP; 2.7 mg) and di-tert-butyl dicarbonate (Boc 2 O; 0.1 mL) were 336 added to a solution of 2-propynyl 337
cetylamino)-6-deoxy-β-D-glucopyranoside (19, 75 mg) in THF (4 mL). The reaction mixture was 339 stirred at reflux temperature for 5.5 h. The mixture was concentrated in vacuo to afford crude 340 2-propynyl 341 
4). 344
Sodium methoxide (28%) in methanol (13 µL) was added to a solution of crude compound 20 (97.3 345 mg) in methanol (2 mL) and dichloromethane (1 mL). The reaction mixture was stirred at room 346 temperature for 6 h. The mixture was neutralized with Amberlyst H + . After filtration of the 347 Amberlyst H + and washing with methanol, the combined filtrate and washings were concentrated to 348 dryness to produce crude product. The crude product was purified by preparative thin-layer 349 chromatography (PTLC; eluent: methanol/dichloromethane=1/9, v/v) to afford 2-propynyl 350 
601.4). 353
Compound 21 (49.1 mg) was then dissolved in acetic anhydride (0.3 mL) and pyridine (2 mL). The 354 reaction mixture was stirred at 60 °C for 2 h and concentrated azeotropically with toluene to give 355 hydrogencarbonate (3 mL). Sodium hypochlorite (NaOCl, 3.9 mL) was then added to the reaction 384 mixture. The mixture was stirred at 0 °C for 1 h. TEMPO (8 mg) and NaOCl (3.9 mL) were further 385 added to the reaction mixture. After being stirred at 4 °C for one day, the reaction mixture was 386 extracted with distilled water and washed with dichloromethane four times. The aqueous layer was 387 adjusted to pH 2 with 2 N HCl, concentrated, and diluted with distilled water. This concentration 388 and dilution cycle was repeated several times until the color of the solution turned from yellow to 389 colorless. The aqueous layer was finally concentrated to dryness. The insoluble part was filtered off 390 and washed with methanol. The combined filtrate and washings were concentrated to dryness. This 391 procedure was repeated three times to give 392 OCH 3 (internal)), 60.5, 61.1, 64.0, 68.8, 69.4, 69.8 (C6 Me (internal)), 70.4, 70.7, 72.7, 73.1 
2-propynyl 356
hyl]-1H-1,2,3-triazole (5, 76.3 mg) in MeOH (2 mL), THF (2 mL), and CH 2 Cl 2 (1 mL). The 537 mixture was stirred overnight at room temperature. The solution was neutralized with Amberlyst H + . 538
The Amberlyst H + was filtered off and washed with MeOH. The combined filtrate and washings 539 were concentrated to dryness to give 540
-(tert-butoxycarbonyl)amino-6-deoxy-β-D-glucopyranosyloxymethyl]-1H-1,2,3-triazole (78.9 mg). 542 The trehalose-type diblock methylcellulose analogues 1, 2, and 3 exhibited amphiphilic properties 771 and better surface activities than commercially available methylcellulose SM-4, as shown in Figure  772 2. The surface activity was in the order 2 > 3 > 1. In particular, cationic compound 2 exhibited the 773 best surface activity among the compounds tested, likely because its diblock structure, comprising a 774 DLS experiments are consistent with those of DSC analysis, indicating that a dehydration process 804 followed by self-aggregation occurred. For instance, the endothermic peak of the aqueous solution 805 of compound 1 appeared at 29 °C upon heating (heating rate: 3.5 °C/min). After the endothermic 806 temperature of compound 1 at 29 °C was detected by DSC measurements, the aggregation of 807 compound 1 was apparently observed by DLS measurements at 33 °C, as summarized in Table 1 . 808
The same tendency was also observed for compound 2. The dehydration of compound 3 occurred 809 slowly, likely because the large negative zeta potential of compound 3 would disturb the 810 intermolecular aggregation process. (Figure 6, insets b, d, and f) . Short, regularly arranged 834 protuberances can be seen on one side of the layers (Figure 6 a, c and e) . The surfaces of the layers 835 in the hydrogel from cationic compound 2 were very smooth relative to those in the hydrogels from 836 compounds 1 and 3, which suggests that the chemical structure of the hydrophilic segments affects 837 the structure of the hydrogels. The molecular length of compound 1 is approx. 10 nm. Two molecules of compound 1 exist in the 849 20 nm width for a short side of a rectangular structure. We propose a hypothesis for how the 850 molecules of compound 1 self-assembled to form square or rectangular structures in Figure S3 in 851 the Supporting Information. The thickness of those structures was approximately 1.2 nm, as 852 Figure S1 .
13 C-NMR spectra of cellobiose derivatives 9, 10, and 11 906 
